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INTRODUCTION 
Each animal may be assumed to possess a unique 
combination of physiological traits (Bennett, 1987). 
However, there is little information on thc effects of 
interindividual variation in fish (Cui and Liu, 1990). 
Individual differences in competitive ability, aggres- 
siveness and or size can lead to the establishment of 
dominance hierarchies within groups of fish (Met- 
calfe, 1989; Metcalfe et al., 1989). The variation in 
growth rates in groups of fish are rclated to domin- 
ance hierarchies and preferential access to food 
resources by dominant individuals (Jenkins, 1969; 
Fausch, 1984; Koebele, 1985). Recently, radiography 
has been used to measure individual consumption 
rates for groups of salmonids and has demonstrated 
considerable inter-individual variation in food intake 
(Jobling et al., 1989; Carter et al., 1 9 9 2 ~ ;  McCarthy 
et ul., 1992). Two aims of this study were to use 
radiography to examine the variation in the food 
consumption rate of grass carp, Ctenopharyngodon 
idellu (Val.), held together and to assess whcther vari- 
ation in growth rates could bc explained by variation 
in consumption rates. A final aim of this study was 
to compare the day to day variation in consumption 
rates of grass carp held in a group to thosc held 
individually, in terms of the individual meal share, in 
order to examine the cffect of endogenous influences 
on appetite. 
MATERIALS AND METHODS 
The maintenance of the fish and the experimental 
procedures have been described previously (Carter 
et al., 1992 6). Briefly, 15 grass carp were anaesthet- 
ized, weighed (17.3f 2.4 g: meanf  SD), individually 
numbered with alcian blue applied using a Panjet and 
placed in a 5 dm3 glass tank of well-aeratcd, filtered 
recirculating fresh water. The temperature was main- 
tained at 22°C and the photoperiod at 12L:12D. Fish 
were fed to satiation two times each day at 09:OO 
and 11 : 00. The diet was prepared as 2.4 mm diameter 
pellets with a California pellet mil1 and was the same 
composition as used in a previous study (Carter and 
Brafield, 1991). In order to construct food consump- 
tion growth curves a further 6 (19.63 1.8 g) fish were 
placed in a second aquarium and starved for 28 days. 
During the 28 day experiment the daily food intake 
of individual fish was determined on three occasions 
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values of 15.6, 16.8 and 22.2% obtaincd from the 
food intake data of the three isolated grass carp fcd 
to satiation. Similar day to day variation in food 
intake was found in isolated minnows, Phoxinusphox- 
inus, for which CV, varicd between 21 and 27% (Cui 
and Wootton, 1988). Thus, day to day variation in 
an  individual's food intake may bc duc to a combina- 
tion of endogenous and exogenous influences on 
appctite, and day to day variation in food intake 
appears to be a natural feature of feeding fish (Sma- 
gula and Adclman, 1982; Cui and Wootton, 1988). 
The 15 grass carp fed in a group had a final mcan 
wcight 22 .9 f  3.2 g and of a mean specific growlh 
rate of 1.0&0.3% d - '. A major effect of dominance 
hicrarchics and differential food intake is growth 
depcnsation, a n  increase in variance of a size fre- 
qucncy distribution (Abbott and Dill, 1989). Growth 
dcpcnsation may also be influenced by differences in 
the activity of dominants and subordinates and by 
the "physiological stress' of subordination (Koebele, 
1985; Jobling and Reinsnes, 1986; Abbott and Dill, 
1989). The curvilincar food intake-growth mode1 sug- 
gestcd that the variation in consumption rates explai- 
ned 89% of the variation in growth rates of grass 
carp (flg. 2) and it was concluded that the differences 
in the growth rate of grouped-grass carp were prima- 
rily due to diffcrcnccs in food intake. Although 
growth rates varicd between 0.5 and 1.6% d- '  the 
coefficient of variations for initial and final wet weight 
were 13.9 and 14.0%, respectively. This suggested a 
wcak dominance hierarchy which was related to the 
high level of food resource since the fish were fcd to 
satiation. Groups of "stunted" Arctic charr, Sulcel- 
inus alpinus (L.), showed a small increase in a CV 
index for wet weight compared with the large 
variation between isolated individuals (Jobling and 
Reinsnes, 1986). The low growth rates of the grouped 
Arctic charr suggested high levels of social interaction 
and encrgy expenditure (Jobling and Reinsnes, 1986) 
which may have been the result of a weak dominance 
hierarchy and continued contests for rank (Abbott 
and Dill, 1985). Physiological variables, other than 
those related to dominance hierarchies, also influence 
growth of individual fish and Inay also explain some 
of the variation in growth not accounted for by differ- 
ing rates of consumption. Rates of protein synthesis 
arc corrclatcd with growth rate and account for a 
large proportion of total energy expenditure in fish 
(Houlihan, 1991) and there are data which indicate 
that in grass carp and rainbow trout individual differ- 
ences in protein turnover contribute to the inter- 
individual variation in growth (Carter et al., 1991). 
Additionally individuals may Vary in their ability to 
capture, digest and absord food (Mctcalfe et al., 1989; 
Cui and Liu, 1990). The influence that the regularity 
with food is consumed has on  growth is not well 
understood. We  have found that grass carp with a 
larger variability in daily food intake had lower rates 
of protein synthesis (n= 15; r =  - 0.573; y <0.05) 
although it should be noted that fish with greatcr 
variability in food intake would have had lower 
growth rates and hence lower rates of synthesis 
(Cartcr, unpublished). The costs of growth may be 
greater for fish on a low plane of nutrition which 
obtain nutrients surplus to maintenance requirements 
intcrmittently. It takes fish several days to become 
acclimated to new fccding regimes (Weiser and 
Medgyesy, 1991; Carter and Brafield, 1992) and this 
may bc due in part to the time it takes for the capacity 
for protein synthesis to incrcase (Rosenlund et al., 
1984). 
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